Ventricular pacing is frequently associated with retrograde ventriculo-atrial conduction. In the absence of atrioventricular (A-V) block, the relatively intact antegrade A-V conduction system supplies the necessary pathway for a re-entry mechanism that may become operative in the presence of delayed retrograde conduction.
Lead II recorded at cardiac catheterization during right atrial pacing. Inverted P waves follow each electronic stimulus (E). The pacing rate is 69/min in the upper strip and 90/min in the lower strip. The P-R intervals are physiological, indicating unimpaired antegrade A-V conduction.
time and was unconscious for several seconds. She denied chest pain, dyspnea, and ankle edema.
On physical examination, the pulse rate was regular at 48 to 50/min. The blood pressure was 110/80. Apart from the traumatic lesions, the physical examination was unremarkable. The electrocardiogram on admission showed an A-V junctional (nodal) rhythm at a rate of 48/min. There was T-wave inversion in leads II, III, and aVg, and leads V1 to V4 ( fig. 1) Lead II recorded on 4/17/67, 7 days after the insertion of a temporary pacemaker catheter into the outflow tract of the right ventricle. When the pacemaker is turned off, the underlying nodal rhythm at a rate of 41/min is evident. Inverted P waves (P') follow immediately after each QRS complex. The R-P' interval is 0.20 sec. There is a slight variation in the rate of the A-V nodal discharge.
Figure 5
Tracing of lead II taken on 4/22/67, with pacemaker turned off, shows repetitive grouping of the ventricular complexes due to reciprocal beating. The basic rhythm is nodal with delayed retrograde conduction to the atria. Each ventricular complex is followed by an inverted P wave (P') with a prolonged R-P' interval of 0.36 sec, indicative of retrograde V-A block. The retrograde P wave is succeeded by a reciprocal beat with a configuration similar to the dominant nodal beat. The P'-R interval of the reciprocal beat is 0.16 sec, and the interval separating the QRS complexes in each group is 0.53 sec. The QRS complex of the reciprocal beat in the second pair of beats is also followed by a retrograde P wave (P"). a fixed-rate external Medtronic pacemaker,* and over the next few days the responses to varying rates of ventricular pacing were observed. When the pacemaker was turned off, sinus activity was consistently absent and an A-V junctional (nodal) rhythm emerged with intermittent retrograde conduction with an R-P interval of 0.20 second ( fig. 4) Each paced ventricular beat is followed by delayed retrograde V-A conduction, the E-P' interval being 0.40 sec. A reciprocal beat with a P'-R interval of 0.18 sec follows each paced beat producing an alternating rhythm of paced and reciprocal beats. The configuration of the reciprocal beat is similar to the ones in figure 5. The interval from E to the onset of the QRS of the reciprocal beat is 0.58 sec. Strip B: As the pacing rate is increased (R-R = 0.88 sec) a different sequence is produced. The first paced ventricular beat (E1) does not engender a visible retrograde atrial depolarization. The second paced beat (E2) is followed by a relatively early retrograde P wave which deforms the S-T segment. The third paced beat (E,,) is succeeded by a clear-cut inverted P wave (PF). The E-P' interval for the third cycle is 0.40 sec. A reciprocal beat with a P'-R interval of 0.16 sec and a supraventricular configuration follows the third paced beat. The next paced beat (E) falls on the descending limb of the T wave of the preceding reciprocal beat. The paced beat gives rise to a retrograde P wave with an even longer E-P' interval of 0.44 sec, which also initiates a reciprocal mechanism. The fifth paced beat behaves similarly. The sixth pacemaker stimulus (E6) is ineffective and breaks the sequence. The progressive lengthening of the retrograde transmission time is explicable on the basis of a retrograde Wenckebach phenomenon. Strip C: This strip was obtained at a faster pacing rate (R-R = 0.62 sec). Each couplet consists of a paced ventricular beat followed by a reciprocal beat. The E-P' interval is 0.40 sec and the P'-R interval is 0.18 sec. Every 10, upper strip) . On occasions, when the sinus rate approximated the preset firing rate of the pacemaker, competition with the production of fusion beats was evident ( fig. 10, lower strip) . At other times there were runs of ventricular pacing with reciprocal beating (fig. 11 ). The rest of his hospital course was uneventful. He was asymptomatic on discharge and also several months later.
Discussion
The entire subject of retrograde ventriculoatrial (V-A) conduction of ventricular impulses has been recently enlightened by numerous investigators using intra-esophageal, The first and sixth beats are nodal and exhibit delayed retrograde V-A conduction (R-P' = 0.36 sec). Both are followed by a reciprocal beat conducted with a P'-R interval of 0.13 sec. The R-R interval of nodal to reciprocal beat is 0.54 sec.
Circulation, Volume XXXVIII, August 1968 Figure 10 Lead II recorded on 7/18/66, following the implantation of the Ventricor II demand pacemaker. The pacemaker is inactive as the sinus rate is above the demand rate of the pacemaker. When the sinus rate is slowed by carotid sinus pressure, the pacemaker becomes operative.
Figure 11
Lead II recorded on 7/20/66. The demand function of the Ventricor II pacemaker is evident. The first, sixth, and ninth beats are paced, and each is followed by delayed retrograde V-A conduction which induces reciprocal beating. The E-P' intervals vary from 0.46 to 0.48 sec and the P'-R intervals are 0.12 sec. The reciprocal beats are sensed by the pacemaker which re-cycles itself and discharges after its preset interval of 0.86 sec. The fourth QRS complex, which is widened, may be a ventricular extrasystole. Although no visible retrograde P wave precedes it, the relationship to the previous paced beat suggests a reciprocal mechanism with aberrant conduction.
Many of the pacemaker stimuli in the illustrations have been retouched for the purpose of reproduction.
intra-atrial, and epicardial electrocardiography.5-11 Retrograde conduction of a ventricular impulse with retrograde activation of the atria is not only a well-documented phenomenon, but is considered a frequent accompaniment of ventricular rhythms which may be spontaneous or electrically induced.
Retrograde V-A conduction in man was considered infrequent until 1951, when Kistin beats. Kistin6 also established the relative frequency of V-A conduction during ventricular tachycardia. When ventricular tachycardia is induced by a catheter during diagnostic cardiac catheterization, V-A conduction with varying degrees of block also occurs frequently.7 Lister and associates8 utilized epicardial electrocardiograms to delineate atrial activity at open-heart surgery and demonstrated the common occurrence of V-A conduction in ventricular rhythms. In the presence of varying degrees of antegrade A-V block, including complete heart block, retrograde V-A conduction has been reported by many investigators. '2-20 Electrically induced ventricular rhythms and tachycardias are associated with a high incidence of V-A conduction.9' 10 Using intracardiac electrocardiography, with a bipolar electrode catheter in the right atrium and another in the right ventricle, Samet The two patients reported here exhibited reciprocal beats prior to the insertion of the pacemaker. In both instances, an A-V nodal impulse was the initiating mechanism. When the ventricle was electrically paced, reciprocal beats occurred following pacemaker-triggered ventricular beats. This observation suggests that a similar mechanism is involved in the production of reciprocal beats linked to impulses originating from the A-V node and the ventricles. Only in one previous report were reciprocal beats precipitated by retrograde V-A conduction from A-V nodal and ventricular extrasystoles in the one patient.27
One case of reciprocal beating from a fixedrate permanent ventricular pacemaker has been described by Kastor and There is evidence suggesting that the atrium is an essential link in the echo circuit in the in vitro preparation of the rabbit heart and the denervated perfused dog heart.31 32 However, ventricular echoes persist when atrial activity is abolished by high potassium levels33 and when the atrium is rendered refractory, 34 showing that re-entry may occur within the region of the A-V node. The creation of a new impulse initiated in some way by the retrograde one, as the basic mechanism of echo beating, has not been ruled out.
With the continuing improvement of the performance of pacemakers and the accumulated experience in their clinical use, pacemaker implantation is now considered in selected cases of bradycardia not due to A-V block. The common occurrence of retrograde conduction across the A-V node when the ventricle is paced, and the relatively intact antegrade A-V pathway available in the absence of A-V block supply the necessary circuit for a re-entry mechanism which may become operative if retrograde conduction is delayed. This interesting physiological phenomenon and seemingly benign mechanism may give rise to a potentially dangerous situation if a fixed-rate pacemaker delivers a stimulus on the apex of the T wave of a reciprocal beat induced by the preceding paced ventricular beat. Since demand pacing provides a more rational method of treatment in this situation, it was utilized in our two patients. In one patient the re-entry mechanism was eventually abolished. In the other patient, when a reciprocal beat occurred, it was sensed by the pacemaker and the next Circulation, Volumie XXXVIII, August 1968 stimulus was blocked, obviating its delivery on the apex of the T wave.
